A yearlong sampling campaign (2012-2013) was conducted in six major cities of the Veneto region to investigate the spatialtemporal trends and the factors affecting the polycyclic aromatic hydrocarbon (PAHs) variations and identify the local sources. Sixty samples per city were collected for analyses in every alternate month (April, June, August, October, December, and February): 10 samples per sampling site in 10 consecutive days of the months selected. Samples were ultrasonically extracted with acetonitrile and processed through high-performance liquid chromatography. Total Σ-PAH concentrations ranged from 0.19 to 70.4 ng m −3 with a mean concentration of 11.5 ng m , which is two-times higher than the limit set by the European Union. BaP contributed for 17.4% to the total concentration of PAHs, which showed the same pattern across the region with maxima during cold months and minima in the warm period. In this study, PAHs showed an inverse relationship with temperature, solar radiation, wind speed, and ozone. According to this study, biomass burning for household heating and cooking, followed by gaseous PAHs absorption on particles due to low atmospheric temperature, were the main reasons for increasing PAHs concentration in winter. Health risk, evaluated as lifetime lung cancer risk (LCR), showed a potential carcinogenic risk from the airborne BaP TEQ six-fold higher in the cold season than in the warm one. Diagnostic ratios and conditional probability functions were used to locate the sources, and results confirmed that local emission, overall domestic heating, and road transport exhausts were responsible for higher concentration rates of PAHs as well as of PM 2.5 .
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous organic pollutants mainly generated by incomplete combustion and pyrolysis of organic material (Manahan 2009 ) and emitted to the atmosphere from both natural sources (volcanic eruptions, wildfires, biogenic formation) and anthropogenic activities (transportation, domestic heating, waste incineration, asphalt production, agricultural biomass burning, oil refining, and industrial activities) (Ravindra et al. 2008; Keyte et al. 2013; Jedynska et al. 2014) . PAHs can occur both in gaseous and particulate phases in the atmosphere (Lammel et al. 2009 ). However, attention is paid overall to presence in airborne particles of higher molecular weight PAHs with a known carcinogenic potential, namely benzo(a)pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, and indeno (1,2,3-c,d)pyrene (IARC 1991; . Particulate PAH concentrations are primarily shaped by two factors such as emission source strength and meteorological parameters (Wild and Jones 1995; Dimashki et al. 2001; Vestreng and Klein 2002; He et al. 2014) . Indeed, PAH-associated pollution has been investigated extensively around the world as the level, distribution, and origin of pollution may vary depending on location, geography, or altitude.
After being released into the atmosphere, PAH congeners undergo several transformation processes. For instance, the levels of atmospheric PAHs are largely affected by a series of atmospheric alterations such as gas-particle partitioning, deposition, chains of chemical reactions (mostly oxidations by hydroxyl radical, ozone, nitrate radical, and nitrogen dioxide) leading to the formation of oxy-and nitro-derivatives (Keyte et al. 2013) . Hence, PAHs are quite reactive and a regional transport of these compounds through air masses is possible and deserves a proper assessment.
Among the EU-27 members states (EEA 2012) , Italy was one of the most contributing to atmospheric PAH (> 10%) in 2010; meanwhile, concerning atmospheric PAHs emissions in Italy, Veneto was within the top five Italian regions, exceeding in various locations the annual BaP European air quality target value of 1 ng m −3 (ISPRA 2012) . Veneto is located in the Eastern part of the Po Valley, which is a well-known European hot-spot for many air pollutants, including nitrogen oxides, ozone, PM 10 , PM 2.5 , and PM 10 -bound PAHs (EEA 2016) . Limited research has been published so far on PMbound PAHs in this region. It was either focused on key cities (Masiol et al. 2012a) , or limited to ambient pollution close to potential sources (Contini et al. 2011 ), or on extremely high pollution events (Masiol et al. 2014 ). However, a lack of data dealing with spatial variations at a regional scale is still evident. This study aims at filling this gap by (1) quantifying the seasonal trends of atmospheric PM 2.5 -PAHs in the Veneto Region; (2) detecting the inter-site differences of PAH levels among six main cities in the region with different climatic conditions and human activities; (3) investigating the effects of micro-meteorological factors on PAHs; (4) identifying the locations of the main potential sources; and (5) assessing the PAH-related carcinogenic and mutagenic risks.
Materials and methods

Sample collection and analytical procedure
Samples were collected at six stations in the Veneto region: Belluno (BL), Conegliano (TV), Vicenza (VI), VeneziaMestre (VE), Padua (PD), and Rovigo (RO) (Fig. 1) . More details of the study area have been previously reported (Masiol et al. 2015) .
PM 2.5 samples were collected on quartz fiber filters (47 mm Ø, Whatman QMA, GE Healthcare, USA) by using low-volume samplers set according to the European standard )for 24 h, starting at midnight. Prior and after the collection, filters were conditioned for 48 h in a chamber provided with a control system for constant temperature and humidity (20 ± 1°C and of 50 ± 5% relative humidity) (Emerson S05KA Emerson Network Power, Italy), and then weighted twice with an analytical balance (Sartorius series Genius, mod. SE2, Germany, sensitivity of 0.0001 mg). The final weight was the average of two subsequent measures. Samples were stored in clean Petri slides at a temperature of − 20°C to avoid sample degradation and losses of the more volatile compounds.
Filters were collected daily over a whole year (April 2012-March 2013); however, the analyses of PAHs were only performed on a subset of 60 samples per each site (total 360). These latter were collected on ten consecutive days in the middle of April, June, August, October, December, and February. This choice covered over all the seasons and included the dates when home heating is generally switched off (15 April) and on (15 October) in Northern Italy.
Selected filters were then divided in subsamples by punching. Each subsample (~2 cm 2 area) was ultrasonically extracted two times for 25 min with 3-5 mL of acetonitrile (HPLC grade, ≥ 99.9%, Sigma-Aldrich, USA). Two eutectic plates were placed inside the ultrasonic bath to avoid excessive heating of the samples. The extraction solution was then filtered into a vial using a PTFE syringe filter (porosity of 0.2 μm). The extracted samples were then analyzed by a 2695 series Alliance HPLC (highperformance liquid chromatography) (Waters, USA) using multiwave lengths fluorescence detector Waters 2475. The liquid chromatograph was provided with a reversed-phase column (LC-PAH, 15 cm × 3 mm, 5 mm, Supelco, USA) set at a temperature of 25°C; 5 mL was the injection volume, the stationary phase and mobile phase were polar (H 2 O and acetonitrile) and 0.5 mL min −1 was the flow rate.
Quality control
Instrumental response was obtained using five successive dilutions of a certified standard PAH-Mixture (PM-613A, Ultra Scientific, USA). The analytical method was systematically validated by measuring 150-350 mg certified reference material ERM-CZ100 PAHs (JRC, Belgium) and recovery efficiencies varied from 75 to 125%. The limit of detection (LOD) was calculated using surrogate standards with 0.5 ng mL −1
; LOD was equal to 0.02 ng m −3 for all congeners.
Field blank samples were also collected to detect a possible contaminant contribution to PAHs concentrations and, every ten samples, a blank (acetonitrile) and two controls were run.
Conditional probability function
Conditional probability function (CPF) is a tool commonly used to identify local point sources (Kim et al. 2003) . It estimates the probability that a source is located within a particular wind direction sector, Δθ (Ashbaugh et al. 1995; Begum et al. 2010) . CPF is defined as:
where m Δθ is the number of samples from the wind direction θ with concentration C higher than or equivalent to a threshold value x and n Δθ is the total number of samples of the same wind sector Δθ. Here, x stands for concentration with a high percentile (75th or 90th).
Results and discussion
For illustration purpose, data have been categorized into two seasons, i.e., Bsummer^(warm period: from April to October 14) and Bwinter^(cold period: from October 15 to March): this categorization is based on the periods in which, according to the Italian legislation, domestic heating is switched off (15 April) and on (15 October). In these periods, significant changes in air temperature and PAHs levels have been previously reported to occur over Northern Italy (Masiol et al. 2013 ), whereas the lowest in Belluno (17 μg m −3 ). The period mean concentrations of ) than the warm ones (June: 12 μg m −3 , August: 17 μg m −3 ). The high values of cold period were likely due to lower atmospheric mixing layer resulting into pollutant accumulation at the ground level. On the contrary, atmospheric dispersion due to strong winds speed and high mixing layers was responsible for the reduced values of PM concentrations in warm months (Ferrero et al. 2010) . The planetary boundary layer height was reported to reach 450 m during winter and 1500-2000 m in summer (Di Giuseppe et al. 2012; Bigi and Harrison 2010) . Moreover, sea breezes and transport of air masses from the industrial district to urban area of VE could have a strong influence (Masiol et al. 2017) as well as local wind transport of polluted air masses from the Po Valley and the nearby cities to the mountain regions (Kaiser 2009 ). Eight PAHs [benz(a)anthracene (BaA), chrysene (Chy), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF), benzo(a)pyrene (BaP), indeno(123-cd)Pyrene (IP), dibenzo(ah)anthracene (DBahA), and benzo(ghi)perylene (BghiP)] were identified in this study and the mean concentration of individual PAH has been given in Table 1 . The annual mean of the sum of the eight PAHs (∑ 8 PAHs) was equal to 11.5 ± 13.8 ng m −3 and varied from 0.2 to 70 ng m −3 (Table 1) . Monthly percent contributions of each congener to ∑ 8 PAHs were similar in the six provinces (see Fig. 2 ). BbF (17.8%) contribution was the highest, followed by BaP (16.9%), IP (16.5%), BghiP (16.5%), Chry (15.1%), BaA (8.9%), and DBahA (1.4%).
BaP is the most studied carcinogenic PAH and it is often used to represent the concentration of total PAHs (Fertmann et al. 2002; Brown and Brown 2012) . In our study, the annual levels of BaP ranged from 0.01 (< LOD) to 14.0 ng m
; the annual average (all sites) was 2.0 ± 2.5 ng m ). In this study, the high BaP concentration rates, recorded overall in the winter, could originate from biomass burning used for household heating and cooking (Belis et al. 2011; Masiol et al. 2013; Benetello et al. 2016) . The seasonal trend of BaP concentrations was also comparable to that reported in the work conducted in Turin (Italy) (warm period, ) levels at six main cities in Veneto region
Mean ± SD 17. was explained by a combination of several factors such as compound volatility associated to gas/particle partitioning, reactions with oxidants, meteorological factors, and finally to possible nature and strength of emission sources (Piazzalunga et al. 2013 ).
Seasonal trends of PAHs and mass ratio (PAHs/PM)
Monthly concentrations of ∑ 8 PAHs for all measurement sites were shown in Fig. 3 as boxplots. Higher concentrations were found in cold months and lower in warm periods. The maximum ∑ 8 PAHs rate was observed in December (33.9 μg m ). The differences among the monthly levels were statistically significant as confirmed by Kruskal-Wallis oneway analysis of variance (p value 0.000), followed by posthoc pairwise multiple comparison tests according to Nemenyi. The monthly level of December was significantly higher than other months, while there was no significant difference of the value between October-April and June-August (Table 2) .
The maximum seasonal concentration was observed in the winter with ∑ 8 PAHs = 20.9 ± 14.4 ng m −3 , i.e., over five times the rate found in the summer (3.9 ± 6.8 ng m
−3
). As the data were not normally distributed, a non-parametric t test (Wilcoxon-Mann-Whitney) was applied, which revealed that the difference of ∑ 8 PAHs levels between two seasons had a statistically significant variation (p value = 0.000). The seasonal trend of PAHs was coinciding with that observed for In Fig. 3 , the mass ratio of PAHs/PM (ng/μg) is shown to highlight the PAHs variability in relation to PM masses. The mass ratios followed the same seasonal trend of PAHs throughout all the stations, with higher values in winter months. This finding is similar to that previously reported by Masiol et al. (2013) and can be interpreted as the effect of the pollutant accumulation in the atmosphere due to particular weather conditions (atmospheric stability and lower mixing layer) and also to atmospheric photochemistry. The levels of PAHs may be reduced due to the gas-phase and heterogeneous reaction of PAHs with atmospheric oxidants (hydroxyl radicals, nitrate radicals, and ozone) (Keyte et al. 2013; Arey and Atkinson 2003) in the presence of sunlight. On the contrary, the concentration of PAHs may be increased due to the adsorption of volatile PAHs on the PM substrate with the influence of meteorological variables especially stagnant air and low temperature (Ravindra et al. 2006; Galarneau 2008; Villar-Vidal et al. 2014 ).
Inter-station variations of PAHs
Only cold period data were used to assess the spatial variations of PAHs in the study area (Fig. 3) , being the PAH levels low and quite similar in all the measurement stations during summer months. As the normality assumption (p > 0.05) was not met by the Shapiro-Wilk test, a non-parametric KruskalWallis one-way analysis of variance was performed to test the significance of variations among sites. Finally, a posthoc pairwise multiple comparison test according to Nemenyi was conducted; according to it, PAH concentration rates of BL were significantly different from those of VE, RO, and VI (Table 3) . Both in BL and TV, wood and softwood were used as an alternative energy source during the winter for household heating instead of natural gas. The PAH inter-site relationships (Table SI-1.2) were evaluated using Spearman's rank correlation. Significant positive relationships (p < 0.01) were found at all sites.
The mass ratios PAHs/PM (ng/μg) of all the sampling sites showed that the inter-site variability of PAHs relative to PM was much more evident in BL and TV compared to other cities (Fig. 3) . This finding was likely related to the differences of emission scenarios and geographic features among the six sites. BL and TV were located in a valley and at the foothill of the Alps, respectively; there, hard wood and softwood were used as an alternative energy source for household heating during winter. Other cities (PD, VI, VE, and RO) lied in flat districts characterized by densely anthropized residential, commercial, and industrial areas where traffic was usually heavy; thus, local sources were important components of PAH inter-urban variability.
Meteorological factors affecting PAHs levels
The relationship of ∑ 8 PAHs with meteorological parameters and other atmospheric pollutants was examined using Spearman's correlation analysis; results were reported in Table 4 . Atmospheric temperature had significantly negative (p < 0.05) correlations with ∑ 8 PAHs (r = − 0.89). Figure 4 showed the daily variations of ∑ 8 PAHs concentrations and meteorological parameters. From April to August, PAHs had a decreasing trend, whereas atmospheric temperature was seasonally increasing. A similar relationship was observed during the winter months, suggesting that higher temperatures promote the evaporation of particulate PAHs, while condensation of gaseous PAHs is favored when temperature is lowered. Moreover, the contribution of domestic heating was also significant for the increase of PAH concentration. This was previously observed by other scientists (Kitazawa et al. 2006; Tham et al. 2008; Masiol et al. 2013; He et al. 2014) . Solar radiation followed an analogous behavior, displaying negative correlation vs. PAHs (r = − 0.76). In particular, the maximum solar radiation was observed in August, when PAHs concentrations were minimal. Wind speed also is a key controlling factor of air pollutants Chaloulakou et al. 2003) ; in fact, the concentrations of pollutants tend to decrease when wind velocity raises (Masiol et al. 2012b ). The correlation between PAHs and rainfall was not statistically significant and followed no special pattern. By contrast, positive correlations were observed with many air pollutants (PM 2.5 , TC, NO, NO 2 , NO x , and SO 2 ); these pollutants were strongly linked to each other and shared emission sources and transformation patterns. The sole important exception was ozone, showing a negative relationship, because it decomposed particulate PAHs (Park et al. 2002; Tsapakis and Stephanou 2005) .
Health risks assessment
BaP has been recognized as the most important carcinogenic PAH and is used as an indicator for potential carcinogenicity to humans. However, BaP alone is insufficient to assess the risk caused by PAH, as it is a reactive substance. Moreover, every congener has its own toxicity. To estimate the carcinogenic risk of total PAH to humans, the toxic equivalency factor (TEF) method has been widely used. BaP-toxic equivalent (BaP TEQ ) can be calculated from the following formula:
where PAH i is the concentration of an individual PAH and TEF i is the corresponding toxic equivalence factor. TEFs were taken from Nisbet and LaGoy (1992) , Bari et al. 2010) . The highest contribution to the total carcinogenic potential was due to BaP (72%), followed by BbF (8%), IP (6 ± 6%), DBahA (6%), BaA (4%), BkF (4%), Chry (1%), and BghiP (1%). The calculated BaP TEQ exceeded that reported for Florence (Italy, 0.79 ng m (Table 5 ). The most contributing congener to BaP MEQ was BaP (54%), followed by IP (15%), BbF (14%), and BghiP (10%). The contribution of other congeners was less than 4%. Both BaP-related carcinogenicity (BaP TEQ ) and mutagenecity (BaP MEQ ) values in the Veneto region were higher than those reported for most of the urban environments in Europe. The scenario was more worrying in winter when mean values of BaP TEQ and BaP MEQ are 5.0 and 6.6 ng m −3 , respectively. Finally, the life time lung cancer risk (LCR) from inhalation was estimated using the following equation: , which was defined as the number of people at risk of lung cancer when exposed to BaP at the level of 1 ng m 
Sources of PAHs
Diagnostic ratios
The approach using diagnostic ratios examines pairs of PAHs and is considered as an introductory step to identify sources. Ratios should be used cautiously because it is difficult to discriminate among several sources of PAHs. In addition, they can be altered by the reactivity of some PAH congeners, especially with ozone and nitrogen dioxide and or even by the degradation of PAHs during sampling (Ravindra et al. 2008; Robinson et al. 2006a Robinson et al. , 2006b ). Six diagnostic ratios [IP/(IP + BghiP), BaP/(BaP + Chry), BbF/BkF, BaP/BghiP, IP/BghiP, and BaA/(BaA + Chry)] were used to identify potential sources (Table SI-1.4) . According to Caricchia et al. (1999) , the ratio [IP/BghiP] provides information about vehicular emissions. A ratio of < 0.4 is indicative of gasoline, while a ratio equal to 1 is indicative of diesel emissions (Ravindra et al. 2008) . Traffic related sources are characterized by the ratios 0.63, 0.4, and 0.4 for light-duty diesel, catalytic gasoline cars, and motorbike, respectively, as proposed by Finardi et al. 2015 . Similar ratios were also proposed by Cecinato et al. (2014) . Larger values of the ratio give indication for heating-related sources such as 0.92 for pine wood burning, greater than 1 for oil and coal burners (Cecinato et al. 2014) , 0.7-1 for Mediterranean wood burning (Guillon et al. 2013) , close to 1.1 for oak and pine fired house heating systems (Rogge et al. 1993) . In this work, the minimum monthly mean value was observed in June (0.44), whereas the maximum was observed in winter months (ca. 0.96 in December and February). Thus, traffic-related sources could have an impact in summer, whereas residential wood burning in winter.
Various researchers used the ratio of BaP/BghiP to distinguish the traffic source (> 0.6) from non-traffic (< 0.6) (Katsoyiannis et al. 2007 ) and also catalytic (0.3-0.4) (Manoli et al. 2004 ) from non-catalytic cars and light-duty diesel (0.5-0.6) (Pandey et al. 1999; Park et al. 2002; Finardi et al. 2015) . Values greater than 1.25 indicated coal combustion in household heating (Pandey et al. 1999) , whereas values in the range of 1.5-2.0 were used for wood burning (Rogge et al. 1993; Guillon et al. 2013) . Cecinato et al. (2014) proposed the values 1.58 for wood burning, 0.33 for gasoline cars and light-duty diesel vehicles, and 0.4 for motor bikes.
In the present study, monthly mean values of the ratio BaP/ BghiP were in the range 0.35-1.67 and showed seasonal fluctuations, with lower monthly mean values in summer (June 0.48) and higher mean values in winter (December 1.17). Although we cannot generalize the trend of the ratios along the months, it could be inferred that sources of pollution were concurrent with a dominant traffic-related contribution in summer and residential biomass burning (i.e., residential heating and cooking) in winter. The ratio of [BbF/BkF] obtained in this study (2.15) was comparable to the value (> 0.5) reported by Park et al. (2002) , and suggested the prevalence of emissions from diesel.
Recently, to overcome the limitation of a single ratio and to distinguish the PAHs source in the case of overlapping of several components, some combinations of ratios were used such as IP/IP + BghiP vs. BaA/BaA + Chry (Fig. 5) . Ratios of BaA/(BaA + Chry) < 0.35 and IP/(IP + BghiP) < 0.2 were indicative of petrogenic and petroleum sources, 0.2 < IP/(IP Table 5 BaP TEQ and BaP MEQ calculated for all the congeners and stations (ng m (Yunker et al. 2002) . In this study, the monthly mean of [BaP/(Bap + Chry)] ratio was equal to 0.37 with low values in summer (June 0.23, August 0.24) and high in winter (October 0.35, December 0.38 and February 0.36). The ratio IP/(IP + BghiP) ranged between 0.13 and 0.52, with the lowest values in June, and the highest ratios both in December and February. From the cross plot, biomass burning from household heating and cooking and petroleum combustion and vehicular traffic seemed to be the main sources of PAHs emissions.
The ratio BaP/(BaP + Chry) is used as a good indicator for the characterization of various sources: the value 0.53 indicates gasoline cars, 0.44 motorbikes, and 0.11 light-duty diesel. Ratios of 0.3 and 0.47 were used for pine wood burning and oil-fired heat burners, respectively (Cecinato et al. 2014) . However, contradictory ratios were also proposed by other authors such as 0.5 for diesel vehicles, 0.73 for gasoline cars (Khalili et al. 1995; Guo et al. 2003) , and 0.08-0.39 for wood burning (Rogge et al. 1993 ). In our study, the ratio BaP/(BaP + Chry) ranged between 0.09 and 0.65 with values > 0.50 in winter, whereas mean monthly values < 0.50 were found in summer.
Local sources
The conditional probability function (CPF) approach has been used to explain the local sources of PAHs for all the measurement sites except RO, because of lacking meteorological data. The CPF plots for PAHs, OC, and PM 2.5 are shown in Fig. 6 . The conventional CPF plots highlight sources, through position with respect to sampling point, when concentrations exceed 7th percentile. These values were equal to 25.9, 22.0, 13.7, 16.6, and 10.6 According to CPFs, for BL site, it was clear that PAHs followed the same pattern as OC and PM 2.5 , and contaminants came from all directions. Nevertheless, PAHs coming from N-NW seemed to be overall released by biomass burning, while those associated to S-SW were in accordance with traffic emission; in fact, train and bus stations were situated in that direction.
In TV, CPF plots showed the highest concentrations of PAHs, OC, and PM 2.5 from the N-NW, corresponding to the direction where most of the urban districts were located (Fig. 6) ; instead in VI, high PAH concentrations were detected coming from W.
In PD, sources of both PAHs and PM 2.5 were located W and SW side, i.e., along the prevailing wind directions in the winter, and especially in December (Fig. SI-1.4) . Plots (Fig. 6) showed that the maximum concentrations of PAHs and PM 2.5 occurred when wind blew from SW. In addition, PAHs, OC, and PM 2.5 could come from NW, corresponding to the direction where main and city ring roads were located. Therefore, both biomass burning for residential heating and cooking and road traffic were the main source of PAHs in PD.
In VE, CPF plots (Fig. 6 ) indicated the prevalence of pollution sources site W, NW, and SW side, corresponding to the directions, where most of the urban districts of Mestre (VE) are located. Besides, all directions from north to west were surrounded by the motorway A57. It is known that in winter especially in December, wind comes from west ( Fig. SI-1.5) . In VE, the high concentration detected could come out from vehicular emissions. Finally, it could be concluded that in the Veneto region, domestic heating burning biomass and natural gas, as well as road transport emissions, were the main local sources of PAHs.
Conclusions
The concentrations of PAHs in the examined Veneto region ranged between 0.2 and 70 ng m −3 with an annual mean value of 11.5 ng m (17.4% of the total PAHs) was two times higher than the recommended value set by the European Union Air Quality Directives. Concerning temporal trends of PAH, high concentrations were recorded during the cold months compared to the warm ones, probably due to the biomass burning for household heating and cooking. Moreover, volatile PAHs absorption on particle due to low atmospheric temperature and high atmospheric stability may contribute to enhance concentrations in the cold period. An inverse correlation was observed between PAHs with temperature, solar radiation, wind speed, and ozone. Among the six monitored cities, the maximum concentration of PAHs was observed at Belluno, whereas the minimum in Rovigo. Among sites, variability of PAHs relative to PM is more prominent at BL and TV than in the other sampling sites. BaP was the contributor of 75% of the BaP TEQ and the LCR value suggesting that the carcinogenic risk associated to PAHs was higher than the health-based guideline of 10 −5 and the acceptable risk level of the European Commission (10 −6 to 10 −4 per year). Combinations of ratios were used such as IP/IP + BghiP vs. BaA/BaA + Chry to find PAH sources. Although we could not generalize the trend of the Fig. 6 Conditional probability function for PAHs, OC, and PM 2.5 in BL, TV, VI, PD, and VE ratios over the months, an indication can be obtained on the various concurrent sources: traffic-related sources dominated during summer, whereas residential heating and cookingrelated biomass burning was more important in winter. Finally, emissions from local sources were studied by using the conditional probability function approach and results revealed that local emissions especially related to domestic heating and road transport were responsible for high PAHs concentrations and PM 2.5 masses.
